We previously reported that YY-1, a versatile transcription factor, regulates expression of glycophorin gene by binding to its locus control region-like region (Gp-LCR) in combination with E-box binding protein during murine erythroleukemia (MEL) cell dierentiation. In the present work, we demonstrated that YY-1 and c-Myc, a nuclear oncoprotein, were physically associated in vivo and that down regulation of c-Myc liberated free YY-1 from its complex, resulting in the functional binding of YY-1 to the Gp-LCR. We also showed that the E-box binding protein (EBP) which bound to E-box was physically associated with YY-1, facilitated binding of YY-1 to the neighboring site and their combinatorial binding may stimulate the GpLCR mediated enhancement of erythroid-speci®c transcription of glycophorin gene in MEL cells.
Introduction
Expression of a variety of erythroid-speci®c genes including globin and glycophorin genes is induced in MEL cells in response to treatment with DMSO (Friend et al., 1971; Marks and Rifkind, 1978; Matsui et al., 1989) . We previously identi®ed a locus control region (LCR)-like region (Gp-LCR) located far upstream of the mouse glycophorin gene (Terajima et al., 1994 (Terajima et al., , 1995 Nemoto et al., 1996) . Stable transfection assay showed that this region probably acts as an enhancer of the erythroid-speci®c promoter of the mouse glycophorin gene in a manner similar to the LCR of b-globin gene cluster (Nemoto et al., 1996) . Within this region there exist 6 dierent nuclear factor binding sites: GATA-1, NF-E2, Spi-1/PU.1, GGTGG , YY-1 and E-box. YY-1, a GLI-Kruppel-related zinc ®nger protein, is a ubiquitously present versatile nuclear transcription factor Hariharan et al., 1991; Park and Atchison, 1991) , and regulates expression of many genes by binding to the regulatory elements of these genes (Seto et al., , 1993 May et al., 1994; Nateson et al., 1993; Lee et al., 1993; Gualberto et al., 1992; Inouye and Seto, 1994; Ushva and Shenk, 1994; Raich et al., 1995) . We examined the functional involvement of YY-1 and the E-box binding protein (EBP) on the LCR-like activity of the mouse glycophorin gene by stably transfecting the mutants in the YY-1 binding site and the neighboring E-box binding site into MEL cells; we demonstrated that YY-1 acts as a regulatory protein in combination with EBP and may regulate LCR-like activity of the mouse glycophorin gene (Nemoto et al., 1996) .
Recently it has been reported that YY-1 interacts physically with c-Myc in vitro and that YY-1 activity is inhibited by this interaction (Shrivastava et al., 1993) . c-Myc is a nuclear oncoprotein which regulates a variety of biological processes including oncogenesis, apoptosis, DNA replication, proliferation, and differentiation (Luscher and Eisenman, 1990; Dang and Lee, 1988; Stone et al., 1987; Penn et al., 1990; Crouch et al., 1990; Hermeking and Eick, 1994) , although the precise molecular mechanism remains unclear. Upon dimethyl sulfoxide (DMSO) treatment, c-Myc protein levels decrease in MEL cells (Spotts and Hann, 1990) . Its overexpression inhibits commitment and terminal dierentiation of MEL cells (Coppora and Cole, 1986; Kume et al., 1988; Smith et al., 1990; Yamamoto et al., 1989; Ohmori et al., 1993) and repressed expression of several erythroidspeci®c genes (Takada et al., 1992; Shoji et al., 1993) . Combining the above information, c-Myc is expected to inhibit YY-1 activity by direct association with YY-1 in vivo and to inhibit expression of erythroidspeci®c genes during terminal dierentiation of MEL cells. We therefore examined the role of their direct association on regulation of the mouse glycophorin gene expression in MEL cells.
Results

Change in DNA binding activity of YY-1 during MEL cell dierentiation
We reported the functional involvement of YY-1 and EBP on the LCR-like activity of the mouse glycophorin gene (Nemoto et al., 1996) . To know more precise mechanism of YY-1 function on regulation of the mouse glycophorin gene, we examined whether DNA binding activity of YY-1 could change after induction of MEL cells with DMSO by EMSA using the 32 Plabeled EY oligonucleotides of the Gp-LCR of the mouse glycophorin gene, in which the E-box and the YY-1 binding site are closely located (Nemoto et al., 1996) . The shift band observed after incubation with the MEL cell nuclear extract was reduced by addition of the anti YY-1 antibody but not by an unrelated control antibody (anti-p38) or anti-c-Myc antibody ( Figure 1a) ; the band competed with increasing amounts of the EY itself, but not with the nonspecific control oligonucleotide S24.2 as previously reported (Nemoto et al., 1996) . Therefore, the band was thought to be due to the binding of YY-1 proteins to the YY-1 consensus binding site. The YY-1 binding activity increased dramatically on day 1 to 2 following induction of MEL cells with DMSO ( Figure 1b) . However, levels of YY-1 protein showed little of no change in Western blotting analysis (Figure 2a) , suggesting the functional change of YY-1 after induction of MEL cells.
c-Myc as a possible functional regulator of YY-1 in MEL cells
To know the functional change of YY-1, we asked whether c-Myc could act as a possible functional regulator of YY-1 by their association in vivo, since in vitro association of c-Myc and YY-1 was reported (Shrivastave et al., 1993) , and c-Myc protein levels were shown to gradually reduce in the MEL cell dierentiation (Spotts and Hann, 1990) and it repressed expression of several erythroid-speci®c genes (Penn et al., 1990; Crouch et al., 1990) . We con®rmed that levels of c-Myc decreased gradually after induction in Western blotting analysis with the anti c-Myc monoclonal antibody (Figure 2b Since the increase in the DNA binding activity of YY-1 appeared to be due to the YY-1 protein levels liberated from the complex with c-Myc, we tested whether c-Myc, in fact, has any inhibitory eect on the DNA binding activity of YY-1. Excess amounts of recombinant c-Myc proteins were added to the MEL cell nuclear extracts prepared on day 2 after DMSO induction, and then EMSA was performed. The reduction in the YY-1 binding activity was observed with increasing amounts of c-Myc, but not with GST protein (Figure 5a ), indicating that c-Myc protein probably aects the DNA binding activity of YY-1 through its direct association with YY-1 protein.
We reported earlier that overexpression of c-Myc interfered with erythroid dierentiation in a MEL cell transformant (clone 38-2), in which rat c-myc gene was driven by the human metallothionein gene promoter (Kume et al., 1988) . We examined whether overexpression of c-Myc aects the YY-1 binding activity using clone 38-2. The increase in the YY-1 binding activity was not observed when c-Myc was overexpressed by adding Zn ions (Figure 5b ), but it was apparent in the absence of Zn ions ( Figure 5c ). These results all suggest that the levels of the YY-1 free from association with c-Myc were increased by reduction in c-Myc levels, and that this may contribute directly to the increase in YY-1 binding activity.
Combinatorial binding of YY-1 and EBP to the Gp-LCR
Based on the stable transfection assay of the mutants in the YY-1 binding site and the neighboring E-box binding site, we suggested that YY-1 regulates the LCR-like activity in combination with EBP (Nemoto et al., 1996) . To learn the combinatorial mechanism of YY-1 and EBP, the binding of both proteins on the Gp-LCR was examined. Since the E-box found in the GP-LCR is CACGTG which is the consensus binding site for Max/Max and Myc/Max (Homan-Liberman and Liberman, 1991; Dunn et al., 1994; Larsson et al., 1994; Marcu et al., 1992) , it is possible that c-Myc/Max can bind to the E-box, but, addition of the anti c-Myc antibody neither reduced nor supershifted the band with EY as shown in Figure  1a . Because it is possible that binding of YY-1 sterically inhibited the E-box binding site, EMSA was performed with the EDY. The detected band was not aected by addition of anti c-Myc antibody ( Figure 6 ), although this particular anitbody was shown to inhibit Myc/Max binding to CACGTG sequence. This suggested that c-Myc/Max could not bind, but that another EBP may bind to CACGTG within the Gp-LCR.
The properties of binding of proteins in the Gp-LCR were further examined by EMSA using mutant EY (Figure 7a) . EY showed the gel shift band which was strongly reduced by the addition of anti YY-1 antibody and the same band was not detected with DEDY, as expected. However, quite interestingly, the same shift band, which was reduced by the addition of anti YY-1 antibody, was detected with EDY, but not with DEY. These results suggest that the E-box-binding protein binds to the E-box, but YY-1 itself cannot bind to the YY-1 site and that presence of YY-1 in the gel shift band with EDY may be due to association of YY-1 to EBP. The gel shift band with EY was competed with excess amount of EY or EDY to the same extent, but not with DEY and DEDY (Figure 7b ). In addition, the gel shift band with EDY was competed with excess amount of EY and EDY, but not with DEY and DEDY (Figure 7c ). The results supported that EBP can binds to the E-box, while YY-1 itself can not bind to the YY-1 site, but EBP that bound to the E-box may It is not clear from EMSA analysis whether YY-1 can bind to the YY-1 site when EBP binds to the Ebox. Thus, the properties of binding of proteins on the LCR were examined by DNase I footprinting assay and methylation interference assay. DNase I footprinting assay using the MEL cell nuclear extract and the 32 P-labeled EY oligonucleotides showed that both YY-1 site and E-box were protected by protein binding (Figure 8a ), indicating that YY-1 can bind to the YY-1 site when EBP binds to the E-box. A methylation interference assay with the same probe showed that the detectable binding sequence was not the YY-1 site (CCATTT) but the E-box (CACGTG) (Figure 8b ). These results indicated that the E-box is preferable binding site than the YY-1 binding site and either EBP alone or EBP-YY-1 complex may ®rst bind to the Ebox site and then YY-1 can bind to the neighboring YY-1 site in the Gp-LCR.
Discussion
The far upstream region (-1.2 ± 0.9 kb) of the mouse glycophorin gene contains the locus control region (Gp-LCR), which acts as an erythroid-speci®c enhancer dependent on chromosomal integration in murine erythroleukemia (MEL) cells (Terajima et al., 1994 (Terajima et al., , 1995 Nemoto et al., 1996) . Similar to the LCR of the b-globin gene, multiple nuclear factor binding sites including GATA1 and NF-E2 were found within the Gp-LCR. Interestingly, we found that the E-box and the YY-1 binding site are closely located. The results on their functional importance examined by the stable transfection assay in MEL cells (Nemoto et al., 1996) showed that a mutation in the E-box completely reduced the LCR-activity and a mutation in the YY-1 site reduced it to 60%. We suggested the combinatorial interaction of YY-1 and EBP.
YY-1 binding sites were found in many genes Hariharan et al., 1991; Park and Atchison, 1991; Flanagan et al., 1992) and in most cases, YY-1 exerts its activating or repressing functions through physical and/or functional interaction with other nuclear proteins (Seto et al., , 1993 May et al., 1994; Nateson et al., 1993; Lee et al., 1993; Gualberto et al., 1992; Inouye and Seto, 1994; Ushva and Shenk, 1994; Raich et al., 1995) . Thus, in the present study, we examined how YY-1 can regulate the LCR-like activity of the mouse glycophorin gene through its interaction with other proteins.
As a nuclear protein that interacts with YY-1 and regulates glycophorin gene in MEL cells, we are interested in c-Myc because YY-1 activity is inhibited by physical interaction with c-Myc (Shrivastava et al., 1993) . c-Myc is a basic-helix ± loop ± helix-zipper (bHLHZip) nuclear oncoprotein that heterodimerizes with Max, another bHLHZip protein, to exert its functions as both a speci®c DNA binding transcriptional activator and a transforming protein by binding to the speci®c DNA sequence E-box (CACGTG) (Homan-Liberman and Liberman, 1991; Dunn et al., 1994; Larsson et al., 1994; Marcu et al., 1992) . In addition, downregulation of c-Myc is important for induction of dierentiation of MEL cells a b c Figure 7 EMSA with EY oligonucleotides. (a) EMSA was performed with 32 P-labeled EY (lanes 1 ± 3), EDY (lanes 4 ± 6), DEY (lanes 7 ± 9) and DEDY (lanes 10 ± 12) using the MEL cell nuclear extracts on day 2 after DMSO addition. Anti-YY-1 antibody (a-YY-1) (lanes 2, 5, 8 and 11) or preimmune serum (3, 6, 9 and 12) were added in the reaction mixtures. (b) EMSA was performed with 32 P-labeled EY and competed with EY (lanes 2 ± 4), EDY (lanes 5 ± 7), DEY (lanes 8 ± 10) and DEDY (lanes 11 ± 13) (c) EMSA was performed with 32 P-labeled EDY and competed with EY (lanes 2 ± 4), EDY (lanes 5 ± 7), DEY (lanes 8 ± 10) and DEDY (lanes 11 ± 13). The nucleotide sequences of the oligonucleotides used in this experiment is described in Table 1 c-Myc and YY-1 in glycophorin gene expression JH Zhao et al (Spotts and Hann, 1990; Lachman and Skoultchi, 1984) and many other cell lines (Maruyama et al., 1987; Freitag, 1988; Miner and Wold, 1991; and expression of glycophorin gene as well as globin genes was inhibited by overexpression of c-Myc during MEL cell dierentiation (Shoji et al., 1993) . We demonstrated here a physical direct interaction of c-Myc with YY-1 in MEL cells. Our result is the ®rst clear demonstration of the in vivo association of YY-1 and c-Myc. Downregulation of cMyc upon induction of MEL cells led to reduction of the c-Myc/YY-1 complex and ®nally the levels of YY-1 protein free from the complex increased. The levels of free YY-1 were well correlated with the DNA binding activity of YY-1 after induction of MEL cells. In vitro addition of c-Myc protein to the MEL cell nuclear extract speci®cally inhibited the DNA binding activity of YY-1 in the Gp-LCR and overexpression of c-myc gene in MEL cell transformant (clone 38-2), which interfered with dierentiation in the presence of DMSO (Kume et al., 1988) , inhibited an increase in the DNA binding activity of YY-1. All these results are consistent with the mechanism that c-Myc regulates glycophorin gene by direct physical association with YY-1.
Since the E-box found in the Gp-LCR is CACGTG which is the consensus binding site for Max/Max and Myc/Max (Homan-Liberman and Liberman, 1991; Dunn et al., 1994; Larsson et al., 1994; Marcu et al., 1992) , it is possible that c-Myc/Max can bind to the E-box, but, addition of the anti c-Myc antibody neither reduced nor supershifted the band with EY as shown in Figure 1a Myc/Max binding, suggesting that binding of c-Myc/ Max was not sterically inhibited by the neighboring binding of YY-1. c-Myc/Max could not bind to the Ebox within the Gp-LCR, either because the surrounding sequence was not suitable for their binding or another E-box binding protein was able to bind strongly to it. Therefore, c-Myc may not regulate glycophorin gene by its direct binding to the CACGTG element within the Gp-LCR.
Instead, we found that CACGTG element bound other E-box binding protein by EMSA, although it was not identi®ed. Quite interestingly, YY-1 itself cannot bind to the YY-1 binding site because DEY showed no gel shift band, but the E-box binding complex was shown to contain YY-1, because the gel shift band with EDY, which has a mutation in the YY-1 binding site, was strongly reduced by the addition of anti YY-1 antibody. This result suggested direct physical interaction of YY1 with the yet unidenti®ed EBP. DNase I footprinting assay showed that YY-1 can bind to the YY-1 site when EBP binds to the E-box. A methylation interference assay suggested that either EBP alone or EBP-YY-1 complex ®rst binds to the Ebox site and that its binding facilitates binding of YY-1 to the neighboring YY-1 site in the Gp-LCR. And, either YY-1 or EBP, or alternatively the interactive complex of YY-1 and EBP on the Gp-LCR, may stimulate formation of the transcriptional complex through interaction with the proteins bound to the proximal promoter elements. This is consistent with the previous results by the stable transfection assay in MEL cells (Nemoto et al., 1996) showed that a mutation in the E-box completely reduced the LCRactivity and a mutation in the YY-1 site reduced it to 60%.
Based on our results of the interaction of YY-1 with c-Myc and EBP, following mechanism on induction of glycophorin gene during MEL cell dierentiation is plausible. Before induction of dierentiation, YY-1 is not available for binding to the Gp-LCR by its association with c-Myc, and reduction in c-Myc levels rendered it necessary for YY-1 to bind the element in combination with the preoccupied EBP. EBP in MEL cells increased after induction (Nemoto et al., 1996 , data not shown), thus timing of liberation of free YY-1 and the increase in EBP may be important for induction of glycophorin gene during commitment of MEL cell dierentiation. Physical interaction of YY-1 with c-Myc and EBP may be critical not only for induction of glycophorin gene but also for other erythroid-speci®c genes because we found that YY-1 can bind to the element (CCTTT) within the HSII of LCR of mouse b-globin gene cluster (Nemoto et al., 1996) , and others reported that functional YY-1 binding is required for developmental repression of human e-globin gene in combination with GATA-1 (Raich et al., 1995) .
Materials and methods
Cell culture
MEL (B8/3) cells were cultured in ES medium (Nissui Pharmaceutical Co., LTD, Japan) supplemented with 10% fetal bovine serum (BioWITTAKER, Walksville, Maryland, USA). Dierentiation was induced by culturing the cells in the medium above supplemented with 1.4% DMSO. Dierentiation rate was examined by benzidine staining assay carried out as follows: to 100 ml of cultured cells, 25 ml of staining solution was added containing 20 ml of 0.5% benzidine in 15% acetic acid solution and 5 ml of 30% H 2 O 2 solution; 5 ± 10 min later, the stained and unstained cells were counted and dierentiation rate calculated. The dierentiation rate for the MEL cells was around 60% on day 6 after induction with DMSO.
Preparation of whole extracts of MEL cells
Growing cells which either had or had not been subjected to DMSO induction were collected at dierent time points during dierentiation and the whole cell extracts were prepared as previously reported (Schreiber et al., 1988) with a slight modi®cation. Brie¯y, cells (1610 7 ) were washed twice with ice-cold phosphate-buered saline (PBS), incubated in 1 ml of lysis buer (40 mM Tris-HCl (pH 8.0), 150 mM NaCl, 10% glycerol, 0.2 mM sodium orthovanadate, 1 mM ZnCl 2 , 10 mM NaF, 0.2 unit/ml aprotinin, 1.0 mg/ml leupeptin, 1.0 mM phenylmethylsulphonyl (PMSF) and 0.2% Nonidet P-40 (NP-40)), and subjected to mild sonication. After centrifugation at 10 000 g for 10 min at 48C, the supernatants were stored at 7808C and used as the whole extracts.
Preparation of nuclear extracts of MEL cells
Growing cells which either had or had not been subjected to DMSO induction were collected at the appropriate time points during dierentiation and the nuclear extracts were prepared as reported by Schreiber et al. (1988) . In brief, cells (1610 6 ) were washed with ice-cold 10 ml Tris-buered saline (TBS) and centrifuged at 1 500 g for 5 min at 48C. The pellet was resuspended in 1 ml TBS, transferred into an Eppendorf tube and centrifuged for 15 sec in a microfuge. The pellet was resuspended in 400 ml of icecold buer A (10 mM HEPES, pH 7.9; 10 mM KCl; 0.1 mM EDTA; 0.1 mM EGTA; 1 mM dithiothreitol (DTT), 0.5 mM PMSF and 0.2 mM sodium orthovanadate] by gently pipetting with a yellow tip and then incubated on ice for 15 min. Twenty-®ve ml of 10% NP-40 was added and the tube was allowed to vortex vigorously for 10 sec and to spin for 30 sec. The nuclear pellet was suspended in 50 ml of ice-cold buer B (20 mM HEPES pH 7.9; 0.4 M NaCl; 1.0 mM EDTA; 1.0 mM EGTA; 1.0 mM DTT; 1.0 mM PMSF and 0.2 mM sodium orthovanadate), vigorously vortexed for 15 min at 48C and centrifuged at 15 000 r.p.m. for 5 min at 48C in a microfuge. The supernatant was stored in aliquots at 7808C and used as the nuclear extract.
Preparation of anti c-Myc and anti YY-1 polyclonal antisera N-terminal fragment (corresponding to amino acids 1 ± 262) of mouse c-myc cDNA or the full-length cDNA of mouse homologue of YY-1 was ligated in-frame to the Cterminal of GST which had been cloned into the Escherichia coli (BL21(DE3) plys.S) expression vector pET11d (Novagen). The puri®ed c-Myc or YY-1 proteins fused to GST were used to immunize guinea pigs (Hartley, Funabashi Co., Ltd., Japan) or rabbits, respectively, to produce guinea pig anti c-Myc or rabbit anti YY-1 polyclonal antiserum. The anti c-Myc antiserum can speci®cally immunoprecipitate 67 kDa c-Myc protein from the MEL cell extracts monitored by Western analysis with mouse anti c-Myc monoclonal antibody (mAb) (Santa Cruz Biotechnology Inc., California, USA). The anti-YY-1 antiserum can speci®cally recognize the 65 kDa YY-1 protein from the MEL cell extracts both by immunoprecipitation and Western analysis.
Coimmunoprecipitation and Western analysis
Coimmunoprecipitation was conducted as described (Schreiber et al., 1988) with some modi®cations. To 10 ml whole extract (from 1610 8 cells), 10 ml of the anti c-Myc antiserum was added and incubated for 1 h at 48C. The immunocomplexes were collected on protein A-Sepharose beads (Pharmacia) by incubating for 1 h at 48C , washed with cold lysis buer twice brie¯y plus 4 additional washes for 20 min each at 48C, solubilized in SDS sample buer and subjected to 10% SDS-polyacrylamide gel electrophoresis (SDS ± PAGE). The separated proteins were transferred to nitrocellulose ®lters (Schleicher & Schuell, Germany), which were incubated ®rst in blocking buer (5% skim milk in PBS-T (0.02% Tween 20)) overnight and then with the anti YY-1 IgG (puri®ed by protein A-Sepharose chromatography, diluted 1 : 400 with the blocking buer) for 1.5 h at 378C. The ®lters were washed twice brie¯y for 15 min and twice for 5 min each in PBS-T, incubated with horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (ZYMED, diluted 1 : 2000 with the blocking buer) for 1 h at room temperature, and then washed as above and developed by an enhanced chemiluminescence reaction kit (ECL, Amersham). For Western analysis alone, whole extracts (from 1610 5 cells) were subjected to 10% SDS ± PAGE. The remaining steps were the same as those described above with the exception of the mouse anti-cMyc MAb (1 : 1000) which were and HRP-conjugated rabbit anti-mouse IgG (CAPPEL, 1 : 1000) used for detection of c-Myc proteins.
Electrophoretic mobility shift assay (EMSA)
EMSA was carried out as described by Schreiber et al. (1988) with minor modi®cations. For probe preparation, oligonucleotides synthesized (Greiner CO., Ltd., Japan) were 5'-end labeled with g-32 P-ATP (Amersham, USA) and T4 polynucleotide kinase (Toyobo Co., Ltd., Japan) according to standard procedure. The labeled DNA fragment (ca. 0.5 ng, 10 000 c.p.m.) was incubated in a 21 ml ®nal volume reaction containing 20 mM HEPES, pH 7.9; 50 mM KCl; 1 mM EDTA; 12% glycerol; 1 mM DTT; 0.5 mg/ml bovine serum albumin (BSA, Boehringer Mannheim, Germany); 1 mg poly [(dI)(dC)] and 2 ± 4 mg nuclear extract proteins. After 20 min incubation at room temperature, the sample was subjected to 4% PAGE in 16 Tris-acetate-EDTA (TAE). Gels were dried and exposed to X-ray ®lm (Kodak). Competition experiments were performed by mixing an excess amount of the appropriate competitor DNA to the binding reaction prior to addition of the nuclear extract proteins. The oligonucleotides used were derived from the Gp-LCR of mouse glycophorin gene and were composed of a YY-1 binding site and an adjacent E-box (Nemoto et al., 1996) (see Table 1 ).
Methylation interference analysis
Methylation interference assay was conducted as previously reported (Shaw and Stewart, 1994) . Probes were prepared as mentioned above. To 3610 6 c.p.m. of the 32 P-EY labeled at either the sense or the antisense strand, 1 ml of DMS (Aldrich Co.) was added to 200 ml of DMS reaction buer (50 mM sodium cacodylate, pH 8.0; 1 mM EDTA, pH 8.0), allowed to react at room temperature for 5 min and the reaction stopped with 40 ml DMS stop buer (1.5 M sodium acetate, pH 7.0; 1 M b-mercaptoethanol) followed by ethanol precipitation. Then, the methylated probes (50 000 c.p.m.) were used for EMSA as described above. Both the retarded and free probes were recovered from the gel, transferred onto DEAE membranes (NA45, Schleicher & Schuell) by 1.4% agarose gel electrophoresis and eluted at 658C for 30 min with 200 ml DEAE elution buer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA, pH 8.0; 1 M NaCl) followed by ethanol precipitation. The DNA-protein complexes were then cleaved with 100 ml 1 M piperidine at 908C in a water bath for 30 min and lyophilized. The samples were ®nally subjected to electrophoresis through 10% HydroLink Long RangerTM gel (AT Biochem) and the gel was exposed for autoradiography.
DNase I footprinting
For DNase I footprinting (6), EY oligonucleotides were 5'-end labeled with g-32 P-ATP (Amersham, USA) and T4 polynucleotide kinase (Toyobo Co., Ltd., Japan) according to standard procedure and incubated in 125 ml of EMSA reaction mixture. After formation of the complex, CaCl 2 was added to 0.05 mM in ®nal concentration, incubated with 320 U of DNase I (Takara Co., Ltd., Japan) at 208C for 1 min and immediately subjected to gel shift assay. The bands corresponding to the complex or free DNA were excised from the gel and electroeluted to NA45 DEAE membrane (Schleicher & Schuell) in 1.4% agarose gel. The DNA trapped in membrane was eluted at 658C for 30 min in elution buer (10 mM Tris-HCl (pH 7.6), 1 mM EDTA, 1 M NaCl), and recovered by ethanol precipitation. The recovered DNA (3000 c.p.m.) was boiled for 3 min in a sequencing gel loading buer (90% formamide, 16 TBE, 0.1% bromophenol blue, 0.1% xylene cyanol blue) and electrophoresed on 10% HydroLink Long rangerTM (AT Biochem) for 2.5 h at 30 V/cm. Gels were dried on 3MM paper for autoradiography.
